when he discovered that the ependymal covering of the plexus has a glandlike structure, the choroidal origin of the fluid has been neither rigidly proved nor effectively challenged.
The clinical occurrence of hydrocephalus behind a ventricular block, the creation of experimental hydrocephalus by Dandy and Blackfan (5) , and Frazier and Peet (I 4) , and especially the demonstration by Dandy (4) The first is the exceptional experiment of de Rougemont et al. (9) who sampled and analyzed the film of fluid over the choroid plexus. Although the fluid they analyzed was shown to be newly formed and it seems extremely likely that it arose from the plexus, it is not absolutely certain that it was not of extrachoroidal origin. Another is the isolated preparation of choroid plexus devised by IIowarth and Jowett (I 7) and by Clark (3). If it can be shown that in this there is no connection between the artificial sac and the ventricle or meninges, a choroidal source of fluid will be established. The approach to be presented here involves estimation of the blood flow of the choroid plexus and the loss of volume from the plasma during the transit of blood.
The vascular arrangements of the choroid plexus of the lateral ventricle of the rabbit are favorable for the direct measurement of venous blood flow, as the venous drainage is largely through one vein. According to the observations of Millen and Woollam (2 7)) with which our own are in accord, one or several smaller veins leave the plexus through the choroidal fissure but the principal vein of the choroid plexus passes for the greater part of the length of the structure, gathering tributaries as it courses toward the foramen of Monro, and finahy passes through this foramen. The vessel is not difficult to expose and measure as it approaches the foramen and estimates of average linear velocity of its blood can be made from motion pictures of the passage of a suitable interface introduced into the vessel by puncture.
It is also not difficult to obtain samples of the venous blood of the plexus and to compare the hematocrit of this blood with that of blood obtained from the aorta. After the filming was completed the plexus was removed, gently blotted, and weighed.
The film was projected on graph paper, the segment of the vessel which was of interest being superimposed on one of the lines of the paper. Lines were drawn on the paper to identify the landmarks limiting the course which was measured earlier and individual frames were then projected, the position of the center of a spherule being marked and the frame number recorded.
The linear velocity was taken as the measured distance of the entire course times the fraction of the course traversed in the number of frames required for that passage, divided by the time required for the exposure of that number of frames. Alternatively, the marks identifying the center of the spherules were displaced at a right angle to the direction of flow a specified distance for each frame projected.
This gave a linear plot the slope of which corresponded to the linear velocity ( Fig. I ). The interval of time between the appearance at a specified point of the measured spherule and the following one also was noted.
The blood flow in the main choroidal vein, Q, was taken as the cross-sectional area of the vein, rr2, times 1 the linear velocity, ;, less the volume of octyl alcohol injected, 4/S+ n, where n is the number of spherules injected during one unit of time. Propurtion of choroid phxus drained by main choroidal vein. It has been pointed out by Hudson (18) that in several mammalian species the major portion of the venous drainage of the plexus is by the main choroidal vein into the internal cerebral vein but that one or several smaller veins drain the posterior extremity of the plexus via the choroidal fissure into the basal vein. In order to relate blood flow to weight it is of some importance to define, if possible, the relative proportions of the plexus drained by each system, If the choroid plexus is gently teased out of the ventricle forward and medially toward the foramen of Monro while under observation through the dissecting microscope, a watershed between the two venous drainages can be made out. In 17 instances the plexus was cut at this point and the two portions of the plexus weighed. 1 &@Z;nS of blood and treatment of samples. For sampling of blood from the choroidal vein a tip of approximately 30-50 p diameter is best. It is often most convenient to employ a smaller tip for the initial puncture and by gentle advancement of the pipette to dilate the hole in the vein. Larger tips can then be easily and repeatedly introduced through the same opening in the wall of the vein. Aggregations of platelets which form at the site of puncture can be dislodged by touching the vein and often become less of a nuisance as time passes.
Hematwrit.
Venous blood from the plexus and blood from the aorta were collected in capillary tubes which were sealed in a flame. The arterial and venous capillaries were centrifuged simultaneously for 5 min at I I ,000 rev/min in a microcapillary centrifuge (manufactured by International Equipment Co., Boston). The hematocrits were read by pasting the capillaries on a ruler marked at .or-in. intervals and inspecting them under the dissecting microscope.
Erythrocyte count. Erythrocyte counts were made after taking samples of venous blood into a capillary and marking the top of the column of blood with Scotch tape. The blood was then washed into a IO-ml volumetric flask with .g % saline and the pipette set aside for later calibration.
The contents of the flask were brought up to the mark and a further dilution of r/50 was made. Venous samples were taken under mercury, and the blood and some of the mercury were transferred to the intake pipette of the apparatus.
The column of blood was taken up until its lower edge was at the .OI mark and its volume was estimated by measurement of its length. It had previously been shown by measurement of a column of mercury at a number of points along the portion of the tube between the .OI and the .02 marks that the lumen of the pipette was of uniform bore. Analyses were carried on from this point as though for a larger sample.
Uncertuinties and UTUTS. Certain assumptions have been necessitated by the lack of precise methods of assessment. Blood fEow of choroid plexus and rate of production of cerebrospinul @id by plexus. In Table  I are summarized experiments in which venous return from the choroid plexus was estimated after sampling blood for the determination of hematocrits. Excluded are measurements made after a fall of more than IO mm Hg in diastolic pressure as this seemed to affect the flow. Venous return in three such instances averaged only .g4 pl/mg min. While this series of experiments was being made measurements could not be successfully concluded in three animals, in one because there were two veins rather than one passing almost to the foramen of Monro, in another because a thick coat of connective tissue over the vein made its puncture impossible, and in a third because of failure of the camera.
Examination of these 16 experiments shows that in several respects the sample is not representative of rabbits in general.
Although the mean of the ratios of venous to arterial hematocrits in this group, I ~6, is almost the same as that of the larger group cited earlier, the spread is greater than expected and the distribution is somewhat lopsided. Also, the mean weight of the choroid plexus of the lateral ventricle is less than that expected, although in this instance a systematic difference has unfortunately been introduced in that in these experiments the tare was weighed after the combined tare and plexus, and in the larger series the tare was weighed before the two. From these data the choroidal source of cerebrospinal fluid also can be estimated without respect to the weight of the plexus, and the mean choroidal contribution for' one lateral vehtricle, which should be one-third the total, is approximately 2.6 pl/min. The total choroidal production should, therefore, be 7.8 Fl/min.
Effect of ucetu~ohmide. After the intravascular administration of acetazolamide, ordinarily through a catheter into the vena cava, it was observed that the movement of fluid medially in the declivity between the hippocampus and caudate nucleus, ordinarily visible under the dissecting microscope because of the presence in the fluid of suspended erythrocytes, ceased, and the pooling of fluid in the anterior part of the ventricle no longer occurred,
The exposed portion of the plexus, which ordinarily remained moist, tended to dry out. In ten animals the mean fraction of blood flow lost as fluid was reduced from a control value of .14 & .OI (mean & SEM) to .02 & .oa 30 min after administration of 75-100 mg/kg acetazolamide.
The effect was neither prevented nor attenuated by varying atmospheres of CO2 provided by bathing the plexus in Tyrode's solution equilibrated with the varying concentrations of C02. During the minute or so required for taking the subsequent sample, another irrigation with equilibrated Tyrode's solution was carried out and the CO2 was continually released close to the plexus in the necessarily uncovered field. With topically applied acetazolamide (Fig. 2) , the inhibition was severe when the bathing solution contained I o-3 M acetazolamide.
At IO-~ M the rate of production was approximately halved. Curbon dioxide content. Because the exchange of HCO,-across the choroid plexus would have a bearing upon the ion-exchange hypothesis proposed by Tschirgi et al. (33) , the CO2 content of arterial blood and of venous blood of the choroid plexus was measured ( Table   2 ).
The content in vendus blood was determined on samples of 5-15 ~1. The levels of CO2 in the venous blood fell far short of those anticipated on the basis of the ion-exchange hypothesis.
Effect of cardiac glycosides. Although the intravenous administration of digitoxin was not followed by a depression in the relative rate of secretion of fluid (Fig. 3) , the topical application of ouabain consistently reduced the rate of its production (Fig. 4) . The effect, in the presence of IO+ M ouabain, was to approximately halve the rate, while a bath containing IO-~ M ouabain almost completely inhibited the elaboration of fluid. That digitoxin was ineffective by vein may be only a reflection of dosage. More could not be given and one animal succumbed to a dosage of -77 mg/kg, fortunately not before blood samples were obtained.
Other inhibitors. The. topical application of CN- (Fig.  4) and 2 , failed to produce a consistent difference in the relative rate of production of fluid.
DZSCUSSIOh
Blood flow of the choroid plexus. Although the limitation which the blood flow of the choroid plexus places upon the activity of that gland in the elaboration of cerebrospinal fluid has been realized, and a prescient estimate of this has been forwarded by Heisey et al. (I 6) , there has been no other study of that flow. The arterial flow, which has been estimated to average 2.86 &'mg min, is high compared to most tissues, is five times that of the brain as a whole (20) Relatively large movement of water would be required to produce a small change in hematocrit. Therefore, changes in average volume of erythrocytes occasioned by a shift of water between plasma and ventricle would tend to go unnoticed, and in this sense the difference in hematocrit between the arterial and venous blood is a reasonably imperturbable measure of movement of solute. In this connection it is worthy of note that under the circumstances of these experiments, the greater part of the choroid plexus was bathed in cerebrospinal fluid which was being continuously renewed and there is, in the analyses made by de Rougemont et al. (g) , evidence that nascent fluid is not very different from plasma in total osmolarity.
Finally, if due allowance is made for the inaccuracy of the erythrocyte counts, these have not, when compared with the hematocrits, revealed large changes in average volume of erythrocytes.
Secretiun of cerebrosfiinal @id. Several estimates have been made of the rate of formation of cerebrospinal fluid in the rabbit and these, together with data from other species, are summarized in Table 3 . The amount of fluid formed by the plexus is in the range of that measured for cerebrospinal fluid as a whole. The data, however, give no assurance that an increment of fluid does not arise from the nervous tissue nor yet that a fraction, secreted by the plexus, might not be lost to the brain. Under the influence of acetazolamide the position with respect to a dual source is clear and this will be returned to later.
First, however, comment ought to be made about the maximum rate of formation of fluid which has been measured.
In several instances this has come to an amount of fluid each minute almost equal to the weight 
